Rett syndrome is a genetic disorder primarily affecting females. One of its most disabling features is the severe and rapid progression of scoliosis. So far, only surgical intervention has succeeded in reversing the development of scoliosis in Rett syndrome.
INTRODUCTION
Rett syndrome is a genetic disorder that primarily affects females. The disorder causes a neurological and developmental arrest that manifests itself in a variety of disabilities such as loss of functional hand use, loss of acquired speech, apraxia, ataxia, autonomic system dysfunction, epilepsy, failure to thrive, and muscle tone irregularities [1] . One of the debilitating features of Rett syndrome is a severe and rapidly progressing neuromuscular scoliosis. The term "neuromuscular scoliosis" describes curves that result from neurological disorders [2] . Neuromuscular scoliosis appears at an early age and develops rapidly, and unlike idiopathic scoliosis, cessation of physical growth does not halt the progression of the scoliosis [1] . "The cause for scoliosis in the neurological patient" is enigmatic and "could be: superimposed by asymmetrical spinal muscle contractions… a result of sensory defect … muscle contracture /involvement…" [3, pg. 445] or weakness [4] . In Rett syndrome, scoliosis is apparent in up to 80-85% of adult females with Rett syndrome [1, 6] . Often, the neuromuscular curvature is characterized by a long "Ctype" curve, but as compensatory curves become structural, the pattern may change to an "S-type" curve [5] , as is the case in 88% of this population [1] .
The average annual progression rate of scoliosis in Rett syndrome is 14º [1, 6] and there are no known reports of spontaneous curve regression. Better prognosis for scoliosis in Rett syndrome is observed when kyphosis, normal muscle tone, and tendon reflexes are apparent [1] and the ability to climb up and down stairs independently or with assistance is obtainable [6] . The prognosis for scoliosis in Rett syndrome is worse when it appears before the age of 5, when severe hypotonia exists, and when there is an inability to walk or the loss of the ability to walk at an early age [1] .
"Non-surgical evaluation and management of neuromuscular spinal curvature include orthopedic clinical observation, radiographic examination" [5, pg.250] , electrical paraspinal functional neuromuscular stimulation [7] , and orthotic management [3, 4, 5, 8, 9] . Although no research studies have shown that custom seating is effective in reducing or preventing progression of curves, and although orthosis eliminates the normal flexibility of the spine… it is an important part in clinical treatment [3, 5] . Treatment strategies suggested to date for treating scoliosis in Rett syndrome include the following:
• Intensive physical and hydrotherapy treatments -Reported to yield the maximal benefits according to the results of a questionnaire [6] .
• Aggressive treatment starting as soon as the first spinal asymmetry is noticed -Suggested by
McClure et al. [10] , who found a close correlation between the primary asymmetry of the back and the later developing scoliosis.
• Intensive walking or standing -if the girl is non-mobile, should be implemented for at least half an hour a day [11] .
• "Overcorrection" treatment -Applied in order to readjust the skewed midline perception of the females manifesting scoliosis [12] .
• Corsets and temporary casting -When used, were mostly reported as unsuccessful in changing the progression of scoliosis in females with Rett syndrome [6, 13] .
• Surgical intervention -The only method reported to date that successfully halts and reversed the progression of the scoliotic curve [6] .
CASE REPORT
TR, an 8-year-old girl with Rett syndrome, was enrolled at a special education/habilitation center where she received traditional intervention, which included bi-weekly physical therapy, bi-weekly hydrotherapy, and adjusted seating. However, when the outcome of the intervention was assessed, the results showed no change in the advancement of the scoliotic curve. These findings encouraged the therapist to attempt a novel intervention. This new approach was tested in full with a different child with Rett syndrome, called RC. At the end of June 1998, when RC was 5 years old, she began showing slight signs of spinal asymmetry. RC was also showing all the predictors of a bad prognosis: she was young, showed severe hypotonia, and had never walked [1] . By August of the same year, she was showing a 29º Cobb right C scoliosis in an X-ray taken in supine position (see Fig. 1 ). A follow-up X-ray taken about 1 year later in a suspended position showed a 22º Cobb right C scoliosis (see Fig. 2 ). The difference in postures in both Xray exposures prevented comparison between the two. The rapidly advancing scoliosis made it necessary to take immediate intensive steps to develop a new management plan. The fact that 88% of females with Rett syndrome show an S-shaped scoliosis led the therapist to believe in their ability to correct the spine's tendencies (the belief was that the scoliosis started as C-shaped and the child's efforts to correct her posture will eventually cause her to end up with an S-shaped scoliosis). Physical examination showed that RC's equilibrium reactions (equilibrium reactions are those highly integrated complex automatic responses to changes in posture and movement aimed towards restoring balance and preventing falls with test administered according to Uyanik et al. [14] ) were present and active in a seated position, but not quick enough to be considered efficient in fall prevention. The new intervention was based on the following principles (some are based on existing evidence, but most are new concepts):
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• Follow up visits at orthopedic surgeon twice a year [5, 10] • Commencing treatment as soon as asymmetry of the spine is detected [10] • Intensive implementation throughout sleeping and waking hours • Opposing (to the natural scoliosis curve) asymmetry postures • Walking and/or standing at least 2 h a day [11] • Maintaining spinal mobility through passive manual manipulation • Parental and staff guidance Implementing the program made it necessary to develop new and unique equipment such as a Ushaped pillow (to be used during sleep/nap times, see Photo 1), a special seat (see Photo 2), an adapted chair (see Photo 3), and an adapted standing frame (see Photo 4), all tilted forward and to the left, causing the child to use balance reactions by working asymmetrically -harder with the extensors and side flexors of the right side of her body -against the natural pull of the scoliosis. As mentioned earlier, the program was very intense and the child's weekly schedule included asymmetrical positioning throughout the day (9:00-15:00) except for meal times (see Table 1 ). It should be emphasized that the intensity of the program did not impede the child's educational curriculum. After a year and a half of intervention, two X-rays were performed (Figs. 3 and 4) . Since the X-rays were taken at different dates and in different positions, an explanatory summarizing graph was added (Graph 1). The X-rays sets where evaluated by four experienced orthopaedic surgeons, who did not know the child and were blinded to the intervention procedure and the X-ray dates (see Table 2 ). Each evaluator was individually introduced to the four X-ray photos and asked to measure the Cobb angle [15] . The findings of the evaluators support the fact that the treatment produced positive results in reversing the course of the scoliosis.
TheScientificWorldJOURNAL (2005) Due to a change in the child's educational setting, the above-mentioned approach was discontinued. One year after terminating the management approach described in the present article, the child was measured at a Cobb angle of 40º (X-ray unavailable) and a corset was ordered.
CONCLUSION
The majority of conventional interventions that manage scoliosis in Rett syndrome have so far showed the ability to slow the curve progression, but there are no existing reports on an intervention that was able to reduce the Cobb angle of a scoliotic curve in this population. The failure of the conventional management approach led to a new intervention regime. The treatment described in this study was an intense regime that necessitated adapted equipment, but mostly required a vigorous and cooperative caregiving team. The results seemed to indicate that this intervention might be effective in treating scoliosis in Rett syndrome.
As this was a case study, generalization is limited. It should be noted that the results were achieved in one girl, who had no self-propulsion abilities. This means that the constant external positioning by a team of caregivers did not jeopardize any of her chances to move independently. Unfortunately, since her treatment terminated, a rapid spine deterioration was detected in the course of one year. We believe that treatment continuation until the final stages of skeletal development might have minimized the expected deterioration of her spinal curves. Further investigation on this topic is warranted.
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